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INTRODUCTION

The value of any Physiologically Based Pharmacokinetic (PBPK) model depends
largely on the quality of the parameter estimates entered into the model. One of the
critically important parameters requiring estimation is the partition coefficient.
Commonly in the field of pharmacokinetics, partition coefficients are determined by the
modified version of the vial equilibration technique [1,2]. This method is an in vitro
method in which an animal must be sacrificed, and the tissue and blood harvested to
complete the procedure. In the vial equilibration technique, certain physiological aspects
must be compromised as the tissues are isolated from a living system. Furthermore
chemical is often lost in tissue handling and analysis. However, a method to determine
various partition coefficients in vivo would reduce or eliminate the compromises inherent
in the in vitro approach.

The method proposed in this technical report utilizes microdialysis probes to
determine tissue/blood in vivo partition coefficients in rats. The use of microdialysis
probes is well established in brain studies [3,4,5] for determining neurochemical levels.
Microdialysis probes consist of two “tubes” through which a perfusate is continuously
pumped at a low flow rate. The tubes are linked by a dialysis membrane through which
chemicals are driven by a concentration gradient from the tissue into the perfusate. As a
result, the chemical concentration of extracellular space of a living animal could be
sampled without disturbing the fluid balance [6], see figure 1.
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Figure 1: Diagram of Microdialysis probe.

If the microdialysis probe method of determining partition coefficients in vivo is
shown to be valid, then it could be used in collaboration with the vial equilibration
method to provide partition coefficients of better quality than is currently available.
Therefore, the data produced by the pharmacokinetic models in which partition
coefficients are used would be greatly enhanced.




METHODS AND MATERIALS

Materials

The model chemical in this study was Trichloroethylene (TCE); it was of 99.5%
purity and was purchased from Aldrich. Also used in this study were the following
chemicals: 1,1,2-Trichloroethane (Technical grade) purchased from FisherChemical, tert-
Butyl methyl ether (99.8% purity) purchased from Aldrich, and Lactated Ringer’s
solution which was purchased from McGaw Inc.

Method for microdialysis probes preparation

Prior to use, the microdialysis probe is connected to a 2.5 ml glass syringe of
Lactated Ringers with a 23 gauge needle hub. The Lactated Ringers is pumped through
the microdialysis probe for 30 minutes at a rate of 5.0 ul/min by a microinjection pump.
This procedure is completed to remove the glycerin that the microdialysis probes are
stored in during delivery.

Method for in vitro determination of standard curve

To determine a microdialysis probe/Trichloroethylene (TCE) standard curve, the
microdialysis probes were individually suspended in concentrations of TCE/Lactated
Ringers ranging from 0 - 60 pg/ml, and samples were collected via the microdialysis
probe. As figure 2 shows, the microdialysis probes were exposed to the solutions in 20
ml scintillation vials which were maintained at 37°C by the use of a water bath. The
scintillation vials were capped with screw caps together with 20 mm Teflon/Rubber
septas through which the microdialysis probes were inserted. Two Intramedic Non-
radiopaque polyethylene tubes were inserted through the septas to completely fill the vials
with the Trichloroethylene/Lactated Ringers solution. The microinjection pump was then
started and Lactated Ringers was pumped through the microdialysis probes at a rate of 5.0
W/min. Samples from the microdialysis-probes were collected in microcentrifuge tubes
containing 100 pl of 50 pg/ml of 1,1,2-Trichloroethane/tert-Butyl methyl ether until
steady state was obtained. The microcentrifuge tubes were kept on ice until analysis. The
samples from the microdialysis probes were analyzed by the method described below in
the section entitled, “Sample Analysis”. At each concentration completed, the average of
the steady-state area counts was calculated. A standard curve depicting the resulting
average area counts versus concentration was compiled.
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Figure 2: Schematic of in vitro apparatus used to determine
microdialysis probe standard curve for trichloroethylene.

Method for in vitro validation and relative recovery estimation

Validation of the theory that the microdialysis probe could collect
trichloroethylene from a tissue was first tested in vitro. A kidney was removed from an
unexposed F-344 male rat which had been previously asphyxiated with Carbon Dioxide.
The excised kidney was cored by using a 5 mm in diameter hole punch. The
microdialysis probe was then inserted lengthwise through the center of the kidney core
and tied into place with 4-0 suture silk. The microdialysis probe and kidney were
suspended in TCE/Lactated Ringers solution similar to the method described to determine
the standard curve. Fifty microliter samples from the microdialysis probes were collected
at a flow rate of 5.0 pl/min in microcentrifuge tubes containing 100 ul of 50 pg/ml of
1,1,2-Trichloroethane/terr-Butyl methyl ether until steady state was reached. The
microcentrifuge tubes were kept on ice until analysis. The samples from the
microdialysis probes were analyzed by the method described below in the section entitled,
“Sample Analysis”.

Relative recovery shows the relationship between the concentration of analyte in
the dialysate (TCE in the probe samples) and the concentration of analyte in the original
sample (TCE in the exposure solutions). Relative recovery is inversely proportional to
the microdialysis probe flow rate, such that as the flow rate approaches zero, the relative
recovery will approach 100% [7]. It is expressed as a percentage and is used as a




correction factor for the samples collected in vivo. In order to determine the relative
recovery, a microdialysis probe was suspended in 20 png/ml and 40 pg/ml of
TCE/Lactated Ringers, similar to the method used to determine the standard curve. Probe
dialysate was collected at a flow rate of 5.0 Wl/min into microcentrifuge tubes containing
100 pl of 50 pg/ml of 1,1,2-Trichloroethane/fert-Butyl methyl ether until steady state was
reached. In addition, 50 pl of the exposure solution was sampled through the
polyethylene “waste” line, see figure 2, and placed in microcentrifuge tubes containing
100 pl of 50 pug/ml of 1,1,2-Trichloroethane/zers-Butyl. The microcentrifuge tubes were
kept on ice until analysis. All the samples were analyzed together as described below in
the section entitled, “Sample Analysis”.

Method for in vivo partition coefficients determination

Throughout the in vivo procedure, two gas chromatographs (GC) were utilized.
One GC was used solely to monitor the exposure concentration of trichloroethylene
(TCE) during the nose-only exposure. Another GC was utilized to analyze the samples
produced by the microdialysis probes following extraction.

Exposure Set-up

_ Figure 3 is a schematic of the nose-only exposure system used in this procedure.
The system was designed such that an anesthetized rat could be exposed to a gaseous
chemical while still allowing for maximum accessibility to the rat by the operator.
Except for the air tank and the GC, the entire exposure system was placed into a:
ventilation hood. The apparatus was set up so that the dynamic flow of the hood was
from the tail of the rat to the nose, and then away from the body to eliminate the
possibility of vapor TCE entering the microdialysis probes directly.
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Figure 3: Schematic of nose-only exposure system utilized during in vivo partition coefficient
determination. '

Approximately 25 - 50 ml of TCE was placed into the bubbler and heated to
50°C. The flow rates to the bubbler and fresh air are individually controlled prior to
mixing, by the ‘chemical’ flowmeter and the ‘air’ flowmeter respectively, which allows
for operator control of the exposure concentration.

Throughout the procedure, the exposure concentration was analyzed by gas
chromatography three consecutive times every ten minutes. A Hewlett Packard model
5880 gas chromatograph with an OV-101 column was used to analyze gaseous TCE via a
flame ionization detector (FID). GC conditions were as follows:

Oven Temp: 120 °C
Injector Temp: 175 °C
Detector Temp: 250 °C

Aux Temp: 150 °C

Attn: 4

Area Threshold: 0

TCE Retention Time: 1.19 minutes

As it took 20 - 30 minutes for the exposure concentration to get to the desired level, the
system was started prior to animal exposure and run throughout the procedure.




Microdialysis probe implantation

One Fisher-344 male rat weighing between 200 and 275 grams was anesthetized
with 60 mg/kg of Sodium Pentobarbital via intraperitoneal injection. After the anesthetic
has taken effect, an incision was made into the neck and the fat cleared to expose the
external jugular vein. Once the jugular vein was exposed, a tissue forceps was placed
under the vein for control of the vein while implanting the probe. A 23 gauge needle was
inserted into the vein, maintaining a level needle. Using the needle as a guide, the needle
was instantaneously removed and the probe inserted into the vein [9]. The microdialysis
probe was sutured into place by utilizing the plastic suture guide, see figure 1. The
incision was closed using wound clips, externalizing the input and output lines of the
microdialysis probe at the incision site. Another incision was made in the abdomen and
one probe is inserted into each the kidney, liver and/or perirenal fat in a similar fashion.
This incision is closed as above, allowing the input and output lines of the microdialysis
probe to remain accessible. As the microinjection pump has a limit of three probes, only
two of these tissues may be monitored in addition to the blood during a single exposure.

Exposure

For the exposure, the nose of the rat was placed into the one inch Union Tee of the
exposure set-up through which the desired TCE concentration was flowing. Fifty
microliter samples were collected from the output line of the probe at a rate of 5.0 pl/min
in a microcentrifuge tube containing 100ul of 50ug/ml of 1,1,2-Trichloroethane/tert-
Butyl methyl ether. The microcentrifuge tubes were kept on ice until analysis.
Throughout the procedure, the exposure concentration was closely monitored and
microdialysis probe samples collected every 10 minutes. As the rat was to remain
anesthetized throughout the procedure, it was necessary to administer additional Sodium
Pentobarbital, as needed. After the exposure was completed, the rat was euthanized by
CO; asphyxiation.

Sample Analysis

Following the collection of microdialysis probe samples, the microcentrifuge
tubes are vortexed, and then centrifuged at 11,000 rpm for 10 minutes. The ether layer
was pipetted into a 200 pi target polyspﬁng insert inside a 2 ml automatic injection vial,
and sealed with a crimp top septum closure. These samples were analyzed on a Hewlett
Packard model 5890 gas chromatograph equipped with a Vocol column and electron
capture detector (ECD). The autosampler tray was equipped with a Coolant System and
the samples were kept at O - 5 °C. GC conditions are as follows:

Oven Temp: 50°C
Injector Temp: 175 °C
Detector Temp: 300 °C
Range: 3

Attn: 0

TCE Retention Time: 3.34 minutes
1,1,2 Trichloroethane Retention Time: 6.83 minutes




Partition Coefficient Calculation

Initially it was believed that the use of an internal standard was necessary to adjust for
variations in the injection volume. Therefore, 1,1,2-Trichloroethane was used as the
internal standard, and a solution of 50 pg/ml of 1,1,2-Trichloroethane/ter-Butyl methyl
ether was used for sample collection instead of simply ferz-Butyl methyl ether. The
calculations to adjust for the variations in injection volume are listed below, however as
time progressed it was noted that only minimal improvements were made as a result of
the internal standard and likewise these calculations were discontinued.

1. Determine the average area counts for 1,1,2-Trichloroethane for all the samples
collected.

2. For each sample, compute the ratio of the average 1,1,2-Trichloroethane area counts
to the individual sample 1,1,2-Trichloroethane area counts. This should result in a

number close to one.
3. For each sample, divide the trichloroethylene area counts by the ratio computed in

step 2 to obtain the corrected trichloroethylene area counts.
4. Using a standard curve created previously, compute the concentration of
trichloroethylene in each sample.

As the process of creating the 1,1,2-Trichloroethane/fert-Butyl methyl ether solution was
relatively simple, it was continued throughout the experimental stages in case it was
determined later that the process of adjustment was preferred. In order to calculate the in
vivo tissue/blood partition coefficient, simply divide the average tissue concentration by
the average blood concentration.

RESULTS

For each standard curve point, the average steady-state concentration was
individually determined for each data set as described in the method section. Graphical
results of the 20 pg/ml, 40 pg/ml and 60 pg/ml data points are shown in figures 4, 5, and
6, with the summary results shown in table 1. The resulting O - 60 pg/ml TCE standard
curve is shown in figure 7 yields a linear equation of y = 33020x + 83188 with an R-
squared value of 0.996.
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Figure 4: The 20 png/ml trichloroethylene (TCE)/Lactated Ringers data used for standard curve. Average
steady-state area counts are 704,611.
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Figure 5: The 40 pg/ml trichloroethylene (TCE)/Lactated Ringers data used for standard curve. Average
steady-state area counts are 1,477,439,
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Figure 6: The 60 pg/ml trichloroethylene (TCE)/Lactated Ringers data used for standard curve. Average
steady-state area counts are 2,028,436.




TCE Average steady state
Concentration | TCE area counts from
(ug/ml) probes
0.00 84,695
20.00 704,611
40.00 1,477,439
60.00 2,028,436

Table 1: Summary table of trichloroethylene concentration in microgram
per milliliter versus the average steady state trichloroethylene area counts.
These results were used for 0 - 60 pg/ml Trichloroethylene/Lactated Ringers
standard curve shown in figure 7.

Microdialysis probe standard curve for TCE
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Figure 7: Trichloroethylene/Lactated Ringers standard curve ranging from 0 - 60 pg/ml.

The in vitro sampling of TCE from an excised kidney indicated that recovery of
TCE from a microdialysis probe was possible. However, the relative recovery was
estimated to be 26.8% for both the 20 pg/ml and 40 pg/ml Trichloroethylene
concentrations. Flow rates ranging from 2.5 pl/min to 5.0 pl/min were examined,
however this did not notably effect the relative recovery. Therefore the flow rate of 5.0
ul/min was chosen, as the minimum sample volume (50 pl) was achieved in a more
timely fashion. Nonetheless, as a standard curve would show the same relative recovery
of TCE as the in vivo samples, this correction factor was not used for the calculation of
the in vivo TCE concentrations.

The in vivo results from an eight hour, 2500 ppm Trichloroethylene nose only
exposure are shown in figure 8. These results are typical of those from this study. In this
example, the blood concentration reached steady state at 17.214 + 1.983 pig/ml, while the
kidney concentration reached steady-state at 17.476 + 1.086 pg/ml. Therefore, the
kidney/blood partition coefficient for this example was 1.02.
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Figure 8: Sample of in vivo microdialysis probe results.
The 2500 ppm Trichloroethylene nose-only exposure lasted for eight hours.

A summary of the fat/blood, kidney/blood and liver/blood partition coefficients as
determined by in vivo use of the microdialysis probes is shown in table 2. In vivo
exposure concentrations ranged from 2500 ppm to 7500 ppm Trichloroethylene, while the
length of exposure varied from 2.5 hours to 8.0 hours. The duration of exposure was
usually determined by the length of time that the animal remained alive and properly
anesthetized. As shown in figure 8, steady-state is reached after 6 hours of anesthetized
nose-only exposure of TCE. Due to the anesthetic itself, and the anesthetic effect of TCE
throughout the exposure, it was difficult to refrain from over dosing the animal with
either Sodium Pentobarbital or TCE until steady state is reached. TCE concentrations of
5000 ppm and 7500 ppm showed a high incidence of over dose.
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In vivo TCE exposure Length of Fat/Blood partition Kidney/Blood Liver/Blood partition
concentration (ppm) | exposure (hrs) coefficient partition coefficient coefficient

2500 2.5 n/a 0.98 n/a

2500 4.0 n/a 0.71 n/a

2500 8.0 n/a 1.02 n/a

5000 3.5 n/a 1.67 n/a

5000 2.6 1.59 1.75 n/a

5000 5.8 n/a ok *k

7500 3.0 n/a ok *ok
Average 4.2 1.59 1.23 ~~
Standard Deviation 2.0 ~— 0.5 ~~

n= 7 1 5 0

, Key to Table 2:
Symbol Meaning
n/a Tissue was not sampled.

** Rat died prior to reaching steady-state conditions.
~—~ Information can not be calculated.

Table 2: Summary table of tissue/blood partition coefficients resulting from
in vivo microdialysis probe use.

As determined by the in vivo microdialysis probe method of partition coefficient
determination, the fat/blood partition coefficient was 1.59, and the kidney/blood partition
coefficient was 1.23 % 0.5, table 2. Both studies that sampled the liver TCE
concentrations resulted in premature death of the rat. Although there is no numerical
information for the liver/blood partition coefficient available, the results from the
microdialysis probes that sampled the liver and blood prior to death were similar in
appearance to figure 8, indicating that the resulting partition coefficient would have been
near one.

DISCUSSION

Microdialysis probes were introduced to pharmacokinetics so that a new method
of determining partition coefficients may be possible in an in vivo setting. Prior to this
report, partition coefficients had been determined for trichloroethylene by use of the vial
equilibration technique described earlier [1,8]. According to these sources, the fat/blood
partition coefficient was determined to be 25.30, the liver/blood partition coefficient to be
1.20 and rapidly perfused/blood partition coefficient to be 1.20. While the microdialysis
probe technique kidney/blood partition coefficient of 1.23 * 0.5 is close to the vial
equilibration technique rapidly perfused/blood partition coefficient of 1.2, it is obvious
that the microdialysis probe technique fat/blood partition coefficient of 1.59 does not
agree with the vial equilibration technique fat/blood partition coefficient of 25.30.

The explanation for the disparity of these numbers is not known at this time.
However, as the sampling of the microdialysis probe is limited to the extracellular space
of the tissue and blood, it is possible that TCE is bound in this state but when the tissue or
blood is separated from the living system and heated, as in the vial equilibration
technique, it is released. Alternatively however, the reason for the differences in partition
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coefficients between methods may be a result of an undetermined flaw that further
investigation may resolve. This flaw could originate anywhere from sample analysis to a
flaw in the general theory.

Apparent problems which may influence the partition coefficients include the
occurrence of death resulting from exposing anesthetized rats to trichloroethylene. In
order to eliminate the possibility of over dosing the animal, other possibilities, such as
exposing non-anesthetized animals which have been previously implanted with
microdialysis probes, should be examined. In addition, chemical selection should be
considered as a potential uncertainty. Hydrophobic chemicals such as trichloroethylene,
generally have a relative recovery of 25-30% [10]. Results from this study confirm this,
as the relative recovery was found to be 26.8%. Although this should not have an effect
in the partition coefficient as it is a ratio of two concentrations, it should be considered if
tissue concentration is examined alone. For investigative purposes however, examining a
hydrophilic chemical may have merit. Finally, as the analysis of the microdialysis probe
samples is a lengthy process, it too should be closely investigated for improvement
possibilities.

CONCLUSION

_ At this time, the microdialysis probe method for determining partition coefficients
in vivo is not a viable replacement for the established vial equilibration technique. I
upon further investigation the irregularities of the system are resolved, it may become an
adequate method for determining partition coefficients in vivo to be used collaboratively
with the in vitro vial equilibration technique.
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